The purpose of this paper is to extend the recent work of Paul & Bandyopadhyay 
Introduction
Positrons are present in various dusty astrophysical environments such as in the remnants of supernova explosions which can last for thousand of years in space [1] , around the pulsars [2] , near the surface of the neutron stars [3, 2] , in the hot spots on "dust ring" in the galactic centre [4] , interstellar medium [4, 5, 6] , interior regions of accretion disks near neutron stars and magnetars [7] , in Milky way [6] etc. Therefore, the plasma system of these astrophysical sites eventually make four component electron-positron-ion-dust (e-p-i-d) plasma. Also, e-p-i-d plasma may be present in the magnetosphere and in the ionosphere of the Earth as such regions of the atmosphere of the Earth contain highly charged dust grains [1] and positrons [8, 9] . Positrons are also found in some well known astrophysical dusty plasma environments such as in the magnetosphere of the Jupiter [10] and the Saturn [11] . The existence of e-p-i-d plasma in such numerous cosmic sites and also in laboratory environments [2, 7] motivate the researchers to investigate nonlinear wave structures in such plasmas.
Several authors [12, 7, 13, 14, 15] investigated small or arbitrary amplitude dust ion acoustic (DIA) solitary structures in different e-p-i-d plasma system consisting of isothermal positrons. In some cosmic sites, the velocity distribution functions of charged particles are not only non-Maxwellian but also highly anisotropic with an excess of high energy particles [1] . Now, positron being the antimatter of electron, has the same mass and charge of an electron but of opposite sign. Therefore, positrons can be considered as a lighter species of a plasma and may acquire energy as high as electrons. Therefore, in cosmic plasma, the existence of fast energetic positrons is very natural. Thus the investigation of DIA solitary structures in presence of Cairns distributed [16] nonthermal positrons is instructive and also is an unexplored field till date.
Recently, Paul & Bandyopadhyay [17] investigated the arbitrary amplitude DIA solitary structures in an e-p-i-d plasma consisting of nonthermal electrons and isothermal positrons and reported the existence of double layers of both polarities, coexistence of solitary waves of both polarities and most importantly the existence of positive potential supersolitons [18, 19, 20, 21, 22, 23] . The present paper is an extension of the recently published paper of Paul & Bandyopadhyay [17] in the following directions. Finally, conclusions are given in §5.
Basic Equations & Energy Integral
We consider a collisionless unmagnetized multicomponent dusty plasma system consisting of adiabatic warm ions, negatively charged static dust particulates, nonthermally distributed electrons and positrons. The nonlinear behaviour of DIA waves propagating along x-axis may be described by the following set of equations consisting of the ion con- 
Here n i , n e , n p , u i , p i , φ, x and t are, respectively, number density of ion, number density of electron, number density of positron, velocity of ion fluid, ion fluid pressure, electrostatic potential, spatial variable and time, and these have been normalized by 
where T p is the average temperature of positrons, β e and β p are, respectively, the nonthermal parameters associated with the Cairns model for electron and positron species, and according to Verheest & Pillay [24] , the physically admissible bounds of β e and β p are given by 0 ≤ β e , β p ≤ 4 7 ≈ 0.6.
It is important to note that the equations (2) and (4) of the present paper are not same as the equatios (2) and (4) (5) is not same as the equation (5) of Paul & Bandyopadhyay [17] . Although, the equations (1) - (4) of the present paper are, respectively, same as the equations (1) - (4) of Paul & Bandyopadhyay [17] if we put β p = 0.
Under the above-mentioned normalization of the dependent variables, the number density of nonthermally distributed electrons and positrons are, respectively, given by
The above equations are supplemented by the following unperturbed charge neutrality condition
To investigate the steady state arbitrary amplitude DIA solitary structures, we consider the transformation ξ = x − Mt, where M is the dimensionless velocity of the wave frame normalized by the linearized DIA speed (C D ) for long-wavelength plane wave perturbation. Using this transformation and applying the boundary conditions:
we get the following energy integral:
where
According to Sagdeev [27] , for the existence of a positive (negative) potential solitary
) solution of (10), we must have the following three conditions: (i) φ = 0 is the position of unstable equilibrium of a particle of unit mass associated with the energy integral (10), i.e.,
. This condition is responsible for the oscillation of the particle within the interval min{0,
. This condition is necessary to define the energy integral 
assumes its upper limit M max for the existence of all PPSWs when φ tends to Ψ M , i.e., when ion number density goes to maximum compression.
Using the conditions for the existence of NPDL (PPDL) and following the same argument of Das et al. [26] , we can easily develop an algorithm to find the Mach number M N P DL (M P P DL ) corresponding to a NPDL (PPDL) solution of the energy integral (10) . Now if both M max and M P P DL exist, then we have M c < M P P DL < M max and for 
Finally and M P P DL < M max (see figure 2(e) ). Again, in this interval of p, the existence region of PPSWs bounded by the curves M = M c and M = M P P DL decreases for increasing p and as a result, the existence region of the positive potential solitons after the formation of double layer decreases and finally, disappears from the system for p > p (e) . Figure 2(f) shows that for p > p (e) , the system supports only PPSWs bounded by the curves M = M c and M = M max for any physically admissible value of β.
Phase Portraits of different solitary structures
Differentiating the energy integral (10) with respect to φ, we get
This equation is equivalent to the following system of differential equations
where φ 1 = φ. In the present paper, we have considered the supersoliton structures that occur beyond double layers with the help of qualitatively different existence domains. Now, we explain their different unusual shapes with the help of phase portraits of the system of coupled equations (20) in the φ 1 − φ 2 plane.
To describe the existence and the unusual shape of PPSSs, we consider figure 3 - between the non-zero saddle and the non-saddle fixed point nearest to the origin decreases and ultimately both of them disappear from the system. Finally, the system contains only one saddle at the origin and a non-zero equilibrium point. Consequently, only one separatrix enclosing the non-saddle fixed point is possible that appears to pass through the saddle at the origin. So, the existence of a soliton after the formation of a double layer confirms the existence of a sequence of supersolitons and there exists a critical value M cr of the Mach number M such that for the existence of supersolitons after the formation of a double layer we must have M P P DL < M < M cr whereas for M cr ≤ M < M max , we get soliton like structures after the formation of a double layer. Thus, figure 8 clearly shows the transition between soliton and supersoliton structures after the formation of a double layer. But it is important to note that there is always a finite jump between the amplitudes of solitons before and after the formation of double layer.
From the lower panel of figure 9 , we see that there are two separatrices. The separatrix as shown by a heavy blue line corresponds the coexistence of solitons of both polarities and this separatrix is contained in another separatrix as shown with a green line. There exist infinitely many closed curves between these two separatrices and each of these closed curves corresponds to a super-nonlinear periodic wave as shown in figure 5 (c) and figure   6 (c) in the paper of Dubinov et al. [7] for a dusty plasma system. However, further investigation of the super-nonlinear periodic wave solutions of the energy integral (10) is beyond the scope of this paper.
Conclusions
In the present work, we have carried out a systematic investigation on the nature of ex- 
